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by David V. Black 


+ This presentation was 


put together by David 
V. Black, chemistry 
teacher at Walden 
School of Liberal Arts 
in Provo, Utah. 


Feel free to use this 
however you like: add 
to it, pass it on, etc. 
Just give me the 
credit I so richly 


deserve... 


Particles and Waves 


Einstein's 1905 paper on 
the photoelectric eftect 
demonstrated that photons 
act as particles as well as 
waves. 


Heisenberg’s Uncertainty 
Principle implies that 
electrons (and other 
particles) are both particles 
and waves; you can't 
measure both position and 
momentum simultaneously, 
unlike classical particles. 
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DE BROGLIE 
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Experiments by Louis de 
Broglie and others showed 
that electrons do act as 
waves (a single electron can 
be split through two slits to 
create interference 
patterns). 


Certain areas reinforce to 
create standing waves, other 
areas cancel each other out 
(null zones). 


The electrons move 
continuously, but the 
standing wave patterns 
remain stable. 


Standing 
Waves 


+ An example of 
standing waves: 


sx 
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Goat Island, 

Hawau | 
* Waves are bent STANDING WAVES 

around the AT GOAT ISLAND 

island both 


directions, then 
meet behind the 
island to create 

stable standing 

wave nodes. 
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EXPLAINS QUANTA 


* Planck’s observation 
that only certain 
energy levels 


(quanta) are 
available for an 
electron in an atom, 
and that electrons can 
leap trom level to level 
without passing 
through the space in 
between, can only be 
explained if electrons 
act aS Waves. 


Schrédinger’s Quantum 

Mechanics equations provide THE 

a set of four numbers for the NUMBERS 
allowable energy levels of 
electrons in an atom. 


These describe the regions 
where electrons are most 
likely to be found (a 
probability of 90% or more). 


According to the Pauli 

Exclusion Principle, no two 

electrons in the same atom can 

have the same set of quantum 

numbers. In other words, each 
electron has unique energy. 


Monday, December 6, 2010 


* nis the principle 
quantum number, 
representing the 
electron’s distance from 
the nucleus (its radius). 


* lis the energy provided 
by the electron’s angular 
momentum. 


* mtis the energy of the 
electrons magnetic held 
created by its angular 
momentum. 


* m,is the magnetic 
component created by the 
electron'’s spin. 
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Rules for Allowable Combinations of Quantum Numbers 
e The three quantum numbers (n, /, and m) that describe an orbital must be integers. 
@ “n” cannot be zero. *n" = 1,2, 3,4... 
e “I can be any integer between zero and (n-1). 
eg. Ifn=4,ican be 0, 1,2, 0r3. 
e “m” can be any integer between -! and +/. 
c.g. If /=2,m can be -2,-1,0, 1, or 2. 


e “s" is arbitrarily assigned as +4 oF “4. but for any one subshell (n, /, m combination), 
there can only be one of cach. 


Graphical Representation of Allowable 
Combinations of Quantum Numbers 


Subshell | Subshell Orientation Number of 
I Notation m Orbitals 
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The values that 2 can have 
are only positive integers (a 


= |, 2, 3, 4, etc.). 


n represents the number of 
wavelengths of the electron 
as it travels around the 
nucleus. The higher the 
value of Nn, the more 
wavelengths and the further 
out it is (higher energy). 


For integer values, the 
waves reintorce. For non- 
integer values, such as” = 
3.5, the waves interfere with 
each other and cancel out. 


ANGULAR MOMENTUM 
QUANTUM NUMBER 


The second quantum number, 4, represents the 
angular momentum of the electron as it travels 
around the nucleus. It is also called the 
subshell or orbital number. 


It can have the values of 0 through n-1. For 
example, if n = 3, then / can have the values of 


0, 1, and 2. 


* For f= 0, the orbital is called w; for / = 1, it is 
called p; for = 2, it is called 0, and for / = 3, it 
is called f. If there were higher values for / (no 
atom has these yet), they would be UE bh, t, etc. 
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ORBITAL 
SHAPES 


* Since standing waves can't exactly be said to “orbit” 
around anything, the areas where the electrons are most 


likely to be found (> 90%) are called orbitals. 


* g orbitals are fuzzy spheres, p orbitals are shaped like 
barbells or dumbbells for weightlifting, 0 orbitals are 
shaped like cloverleaves (except one suborbital), and Fa 
orbitals are double cloverleaves (except one suborbital). 
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PROBABILITY REGIONS 


These shapes 
ELECTRON ORBITAL represent regions of 
WAVE PATTERNS highest electron 
density, where the 


electrons are most 


likely to be found. 
The shapes not only 


come out of the 
equations, but using 
magnetic resonance, 
we can get a picture’ 
of the orbitals. 
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MAGNETIC- 
ANGULAR 
MOMENTUM 
QUANTUM 
NUMBER 
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SUB- 
ORBITALS 


* The mi quantum number is also called the 


suborbital number, since it splits the orbitals into 
various orientations because of magnetic repulsion 
between electrons. 


* The p orbitals (1 = 1) split into three suborbitals, 


each aligned along one of the coordinate axes and 


called Px Py and pz. 


* The total suborbitals for each value of Lis 21 + 1. 
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D SUB- 
ORBITALS 


* The d-type orbital splits into five suborbitals ([ = 2 and 
lisa eal) lee icles) 
* Four of the suborbitals are shaped like cloverleaves, the 


final (m1 = 0) is a dumbbell with a ring. 


+ They are aligned as far apart from each other as 


os 
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SPIN QUANTUM NUMBER 


* The fourth quantum number, Ms, 1S ELECTRON 
the energy provided to the electron SPIN 
by the magnetic field associated 
with the electron’s spin. 


* If we show an electron asa 
spherical particle, it can be said to 
have a rotational axis and can 
either rotate clockwise or counter- 
clockwise. 


* These spins are given values of -1/2 


and +1/2. 
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ELECTRON PAIRS 


Although electrons tend to 
repel each other (having 
like charges), two electrons 
can pair up in the same 
suborbital if they have 


opposite spins. 


However, according to 
Hund’s Rule, if there are 
empty suborbitals 
available, electrons won t 
pair up unless they have to. 


ALL THE 
NUMBERS 


* Now that you 
understand quantum 
numbers... you do, 
don't you?? 


* (According to Richard 
Feynman, no one 
really understands 
quantum mechanics) 


* Here's a table showing 
the allowable numbers 
for each main energy 


shell (2) for n = | to 4: 
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Rules for Allowable Combinations of Quantum Numbers 
e The three quantum numbers (n, /, a m) that describe an orbital must be integers. 
e “n* cannot be zero. "n" =1,2,3 
"I" can be any integer between ae, (n-1). 
eg. Ifm=4,ican be 0,1,2,o0r3. 
e “m” can be any integer between -/ and +1. 
e.g. If /=2,m can be -2,-1,0, 1, or 2. 


e “s” is arbitrarily assigned as +4 or “4. but for any one subshell (1, /, m combination), 
there can only be one of cach. 


Graphical Representation of Allowable 
Combinations of Quantum Numbers 


— Subshell ee go shag 
Notation 
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ELECTRONS PER ORBITAL 


* About now, you should be 
having an “Ah hah!” moment: 
“If two electrons can fill each 
suborbital,” you say to 
yourself, “Then there can be 
two electrons in an S orbital, 


sixinafp,tenina d, and 


fourteen in an f= 


Either that, or you wish all 
quantum theorists would pack 
up and move to Goat Island... 
or better yet, you wish YOU 
were on Goat Island instead of 
studying quantum numbers. 
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THE IMPORTANT PART 


* If you've been skimming through this presentation until 
now, here's the important part: the shape of the periodic 
table actually depends on these quantum numbers and 
how electrons fill the orbitals. 


* Quantum numbers also explain why different elements 
have different properties and determine how they react © 
with each other. 


In other words, quantum 
mechanics explains just 
about all of chemistry! 
Not bad for just four 


numbers. 
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PERIODIC 
TABLE 
BLOCKS 
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+ 


Quantum numbers are 
represented by the 
different blocks of elements 
in the periodic table. 


The two left-most columns 


represent the s-orbital 
electrons. 


The central ten columns 
are d-orbital electrons. 


The right six columns are 


the p-orbitals. 


The bottom two rows with 


14 elements each are the f- 
orbital electrons. 


> 


THE AUFBAU PRINCIPLE 


The various energy 
shells (1) fill up with 
electrons from the 
lowest levels up. 


This is the Aufbau 
(filling up’) Principle. 


Since shells split up 
into orbitals and 
suborbitals, they 


overlap each other. 
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ELECTRON LADDER 


* For example, electrons 
start to fill up the 
fourth shell (4s orbital) 
before they finish the 
third shell (3d orbital). 


* In this electron ladder 
diagram, each 
suborbital is 


represented by a 
dashed red line. 


* Each suborbital can 
hold two electrons. 
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ORBITAL FILLING 
ORDER The order of orbital 


filling is therefore: ly, 
24, 2p, 3d, 3p, 43, 30, Ap, 
53, 40, 5p, 68, Af, 5d, 6p, 
7d, Of, 60, 7p ...and 


Quantum Quantum number 
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be 8, then 5g. We don't 


Y 
n=6 So Q know what a g orbital 
n=7 QO would look like. 


Fortunately, there is a 
pattern to all this, as this 
diagram shows. 
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ORBITAL FILLING ORDER 


+ Here's 
another 
version of vor sccuse yam 
the same a electrons 
filling Z 
diagram: am 
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LEFTI-STEP TABLE 


The best way to 
visualize electron 
orbital filling as 
it relates to the 
Periodic Table is 
to use the left- 
step version, 
invented by 
Charles Janet in 
1928. 


Here, the order of electron orbital filling as it relates 
to atomic number (and electron number for neutral 
atoms) is more easily seen. 
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ELECTRON 
CONFIGURATIONS 


+ Each element has an electron configuration that 
represents how many electrons are in each shell 
and orbital. 


+ We use a shorthand that looks like this tor 
platinum, for example: [Xe] 6s2 4f10 5d8. 


* This means that platinum has the same core 
electron structure as Xenon (the previous noble 
gas) plus a full 6s orbital, a full 4f orbital, and 
eight electrons in the 5d orbital. 
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All ot these shells, orbitals, and 
suborbitals fit inside each other, 
nestled together in an intricate 
dance of electrons. 


Electrons absorb energy as atoms 
are heated up or are struck by 
photons. 


As they absorb energy, they leap to 
higher quantum levels (a so-called 
quantum leap). 


When they drop back to their 
ground state, they emit very 
specific wavelengths of light that 
can be used to identify the 
elements. And make fireworks.... 
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DANCE 
OF 
ENERGY 
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CRYSTALLIZED ENERGY 
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From Einstein's Special 
Relativity equation, we 
understand that energy and 
matter are two sides of the 
same coin. 


Matter (including electrons) 
is really just crystallized 
energy, a pattern of standing 
waves which is predicted by 
quantum mechanics. 


Just something to think 
aetelel a 
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